The paper describes an efficient methodology for the synthesis of diversely functionalized dihydrodibenzo[b,e]azepin-11-ones based on the Pd(0)-catalyzed intramolecular acylation of aryl iodides with aldehydes.
the use of the more electrophilic aldehydes as the acylating agents would result in a more efficient methodology.
To demonstrate the potential of the palladium-catalyzed acylation reaction with aldehydes, 3, 19 we envisioned the synthesis of polycyclic compounds containing the dibenzo[b,e]azepine moiety (Scheme 1). The dibenzo[b,e]azepine system has attracted considerable attention due to its ubiquitous presence in the molecular structure of important bioactive compounds. 20 Therefore, the development of reliable methodologies for the construction of the dibenzo[b,e]azepine skeleton would be highly useful in the field of synthetic organic chemistry. 21 In particular, palladium-catalyzed annulation reactions have provided some attractive and valuable routes for the synthesis of We commenced our investigation by studying the acylation reactions of aldehydes 1a
and 1b (Table 1 ). We were pleased to find that starting from iodoaniline 1a, the acylation can be smoothly promoted by using 5 mol % of Pd 2 (dba) 3 , 10 mol % of the phosphine ligand, and Cs 2 CO 3 as the base in toluene at high temperature. As also observed in our initial studies with (2-iodoanilino) aldehydes, 17 sterically hindered phosphines (i. e. dtpf, t Bu 3 P and (o-tolyl) 3 P) proved to be highly efficient ligands for the acylation, and afforded dihydrodibenzo[b,e]azepin-11-one 11 23 in 75% average yield (table 1, entries 1-3). The use of the same combination of catalyst and base in either acetonitrile or DMF was found to be less effective in promoting the acylation reaction (entries 4 and 5). Bromide 1b was less efficient than iodide 1a in the annulation reaction, and longer reaction times were required to reach the total conversion of the starting material (entries [6] [7] [8] .
Although the acylation can be carried out effectively in toluene under simple thermal heating, the long reaction times required for the full conversion of the starting material, especially when starting from bromide 1b, prompted us to also explore the reaction under microwave irradiation (entries 9-13). 
Scheme 2
As shown in Tables 2 and 3, a variety of diversely substituted substrates was investigated under the standard thermal heating conditions using toluene as the solvent. 
The reactions were carried out using Pd 2 (dba) 3 (0.05 equiv), ligand (0.1 equiv), Cs 2 CO 3 (3 equiv) and Et 3 N (6 equiv) in toluene at 110 ºC in a sealed tube. b Yields refer to pure products isolated by flash chromatography. c Traces of 2 (≤ 5%) were also observed in the crude reaction mixture. d Traces of 5 (≤ 5%) were also observed in the crude reaction mixture. e 14d (9%) was also isolated. f 14d (15%) was also isolated.
In general, the introduction of substituents on the aniline ring (Table 1) had little effect on the success of the acylation reaction. Thus, the nucleophilicity of the aryl palladium intermediate does not appear to be significantly affected by the electronic properties of the substituent on the aromatic ring. Interestingly, the same behavior has also been observed in the closely related palladium-catalyzed acylation reaction with esters. 7 The functional group tolerance of the reaction is well illustrated by the fact that halides, ethers, esters, aldehydes, free hydroxyl and dimethylamino groups all were perfectly accommodated. I should be noted, however, that in the acylation reactions of 4c, minor amounts of aldehyde 14d, resulting from the palladium-catalyzed oxidation of alcohol 14c, 17 were also isolated. The successful preparation of 14f indicates that the Pd catalytic species are not deactivated by the presence of strong coordinating dialkylamino group.
The effect of the substituent at the aniline nitrogen atom was also examined. While the methyl and benzyl groups were well tolerated in the acylation reaction, changing the substituent at the nitrogen from alkyl to the electron-withdrawing tert-butoxycarbonyl group resulted in the formation of complex reaction mixtures in which no acylation compound could be identified (entries 22 and 23).
The palladium-catalyzed acylation was also extended to the preparation of naphthofused derivatives, which are attractive for their potential antitumor activity. 20a As can be seen in Table 3 , both iodoanilines and iodonaphthylamines can be used for this purpose, although the acylation from the latter proceeded more slowly.
Regarding ligands, as shown in Tables 1-3, the three sterically hindered phosphines used in this work proved to be similarly effective in promoting the acylation reaction.
On the whole, dtpf 25 seems to be the most versatile ligand, despite not always giving the highest yield. On the other hand, the use of (o-tolyl) 3 P as the ligand usually resulted in lower reaction rates, as reflected in the longer reaction times required for the complete consumption of the starting material. ). 13 
2-[N-Benzyl-N-(2-iodo-4-methylphenyl)aminomethyl]benzaldehyde (2).
Chromatography: from hexanes to 9:1 hexanes-EtOAc. Colorless oil. 1 
2-[N-(5-Formyl-2-iodophenyl)-N-methylaminomethyl]benzaldehyde (4d) was
prepared from 4c (Swern oxidation). Chromatography: CH 2 Cl 2 . Yellow oil. 1 
2-[N-(5-Acetoxymethyl-2-iodophenyl)-N-methylaminomethyl]benzaldehyde (4e)
was prepared from 4c (AcCl). Chromatography: CH 2 Cl 2 . Pale yellow oil. 1 (s, 1H). 13 
4-Fluoro-2-[N-(2-iodophenyl)-N-methylaminomethyl]benzaldehyde (5).
Chromatography: CH 2 Cl 2 . Green oil. 1 was added at 0ºC under Argon to a suspension of NaH (60% in oil, 65 mg, 1.63 mmol) in THF (8 mL). After 15 min at 25ºC, the mixture was cooled again to 0ºC. DMF (2 mL) and 2-(bromomethyl)benzaldehyde (325 mg, 1.63 mmol) were added and the mixture was stirred for 10 min at 0ºC and at 25ºC overnight. Saturated aqueous NH 4 Cl was added and the mixture was extracted with EtOAc. The organic extracts were dried and concentrated. The residue was purified by chromatography (from hexanes to 8:2 hexanes-EtOAc) to give 6 (265 mg, 48%) as an orange oil. 1 hexanes-EtOAc) to give 7 (130 mg, 70%) as an orange oil. 1 
